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Abstract 
 
The paper presents the results of the tensile tests Rm
u carried out on sands with sodium silicate, modified with SiO2, Al2O3 and ZnO in the 
form of aqueous colloidal solution or powder. 
It has been proved that the improvement of sand properties depends on: 
  modifier type, 
  chemical reaction of the modifier (acid-base reaction), 
  method by which the modifier is introduced to binder, 
  modifier content. 
It has been observed that among the tested modifiers, SiO2 and Al2O3 have stronger effect on the sand strength improvement than ZnO.  
Great  degree  of  Rm
u  improvement  has  been  obtained  by  introducing  to  the  binder  either  SiO2  (Rm
u  improved  by  30%)  or  Al2O3  
(Rm
u improved by 50%), both in the form of powders.  
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1. Introduction 
 
Sodium silicate is one of the binders that are commonly used 
in  self-setting  sands.  It  is  equally  well  applicable in  loose  and 
liquid  self-setting  sands,  sometimes  also  in  liquid  self-setting 
sands  for  the  investment  casting  process.  Hardeners  for  these 
sands can be materials in either loose (e.g. CaO, SiO2, CaC2) or 
liquid (e.g. esters of acidic acid) form. The sands are used, among 
others,  with  the  alkaline  and  ester  systems,  in  the  AMG  and 
Nishiyama processes [1]. 
Loose self-setting sands with sodium silicate are characterised 
by  good  flowability,  low  gas  evolution  rate  and  low  toxicity.  
A drawback is the low strength of new sands, strong tendency to 
stick to the surface of patterns and core boxes, low reclamability 
and high alkaline reaction of the used sands. 
Poor strength of the new sand makes increased addition of 
binder necessary (from 6 to 8 parts by wt.), which deteriorates the 
sand knocking out properties, increases its adhesion and produces 
greater volumes of the waste sand. 
The past decade has witnessed great development in a new 
group of materials called composites with nanoparticles [2,3,5,6]. 
In  these  materials,  at  least  one  of  the  components  has  the 
dimensions  at  a  nanometric  level  (from  1  to  several  hundred 
nanometers). 
Currently, polymer nanocomposites are fabricated. Fillers are 
usually inorganic raw materials of spherical, lamellar or fibrous 
structure (so called whiskers and fullerens). In most cases these 
are carbon nanotubes, aluminosilicates, silica and montmorillonite 
[2]. Owing to their availability and relatively low price, they are 
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Progress in research and application of materials reinforced 
with nanoparticles was made possible by mastering the technique 
of nanoparticles fabrication [4-6]. The effect of nanoparticles on 
binder is expressed in an improvement of some sand properties, 
like  strength, collapsibility and flowability. 
The  study  describes  trials  undertaken  to  produce  
a  nanocomposite  binder.  The  effect  of  the  modifier  state  of 
aggregation (liquid/solid) and content on the improvement of the 
loose self-setting sand mechanical properties was also verified. 
 
 
2. Research part 
 
2.1. Test materials and methods 
 
The composition of the examined sand mixtures included: 
  silica  sand  from  ‘Szczakowa’  mine:  dL  =0,24  mm, 
content of main fraction <83,75%>, 
  sodium silicate ‘145’: M= 2,5 ,  d
20 = 1,47 g/cm
3, 
  colloidal  silica  (trade  name:  ‘LUDOX  AM’):  pH=9, 
average grain size:  approx. 5 nm, 
  flodur 3 hardener. 
From  the  above  mentioned  components,  sodium  silicate 
nanocomposites were fabricated by introducing colloidal silica in 
liquid and solid phase in an amount of 1 wt.%  - 5 wt.%. The sand 
mixtures  with  an  addition  of  nanocomposite  binder  were 
compacted by vibrations and let stay at ambient conditions for  
a time of up to 24 hours. Next, their tensile strength Rm
u   was 
tested after different times of maturing. 
 
2.2. Results and discussion 
 
Figure 1 shows the results of the tensile test Rm
u carried out 
after different maturing times on the sand mixture with sodium 
silicate non-modified (curve 1) and modified (curves 2 and 3), 
containing  nanoparticles  of  SiO2  added  in  the  form  of  either 
aqueous colloidal solution (curve 2) or powder (curve 3). 
 
 
 
Fig. 1. Effect of maturing time on the tensile strength Rm
u  of loose self-setting sands with sodium silicate. Sand composition (in parts by 
weight):: 1) ‘Szczakowa’ silica sand -100, sodium silicate ‘145’- 3, flodur ‘3’ –10 wt.% calculated in respect of sodium silicate,  2) 
‘Szczakowa’ silica sand –100, sodium silicate ‘145’  – 3, modifier – 1  wt.% of SiO2 colloidal solution calculated in respect of binder,  
flodur ‘3’  – 10 wt.% calculated in respect of sodium silicate, 3) ‘Szczakowa’ silica sand - 100,  sodium silicate ‘145’- 3, modifier – SiO2  
nanoparticles in the form of powder (equivalent to 1 wt.%  of colloidal solution), flodur ‘3’ – 10 wt.% calculated in respect of sodium 
silicate; hardening conditions:  
t ot ≈ 24 
0C; Wwzg ≈ 51% 
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Fig. 2. Effect of modifier content on the tensile strength Rm
u  of loose self-setting sands with sodium silicate; hardening time: 24 h; 
hardening conditions:  t ot ≈ 24 
0C; Wwzg ≈ 51% 
 
Fig. 3. Effect of  modifier state of aggregation on the tensile strength Rm
u  of  loose self-setting sands with sodium silicate; hardening time:  
24h; hardening conditions: t ot ≈ 24 
0C; Wwzg ≈ 51% 
 
 
Fig. 4. Effect of maturing time on the tensile strength Rm
u  of loose self-setting sands with sodium silicate. Sand composition (in parts 
by weight): 1) ‘Szczakowa’silica sand - 100, sodium silicate ‘145’- 3, flodur ‘3’ –10 wt.% calculated in respect of sodium silicate, 
modifier  –  0,32g of ZnO microparticles in the form of powder (equivalent to 1 wt.% of colloidal solution). 2)  ‘Szczakowa’ silica sand - 
100, sodium silicate ‘145’- 3, flodur ‘3’ –10 wt.% calculated in respect of sodium silicate, modifier - 1 wt.% of ZnO aqueous solution 
calculated in respect of binder. Hardening conditions: t ot ≈ 24 
0C; Wwzg ≈ 51%. 
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From  the  investigations  (Fig.1)  it  follows  that  the  tensile 
strength Rm
u of the sand mixture increases after 24 hour maturing. 
The  strength  depends  on  the  phase  condition  of  the  added 
modifier (Fig.3) and on its content (Fig. 2). 
Silica  introduced  to  the  system  in  the  form  of  colloidal 
solution (in an amount of 1 wt.% containing 0,32g SiO2) improves 
the sand Rm
u by approximately 10%. The same amount of silica 
(0,32  g)  added  as  a  powder  improves  the  sand  Rm
u  by 
approximately 30%.  
Similar relationship was observed when sodium silicate was 
modified  with  microparticles  of  alumina.  After  24  h  maturing 
time, the use of binder modified with an aqueous solution of this 
compound (1 wt.% in respect of sodium silicate) brought a 10% 
improvement  to  the  sand  strength  while,  under  analogical 
conditions,  modification  carried  out  with  powder  gave  an 
improvement of about 50% (see data in Fig. 3). 
When modification is carried out with colloidal solution, the 
sand  reaches  its  maximum  strength  when  the  content  of  this 
solution is at an approximately 3 wt.% level (Fig.2). 
In the case of modification carried out with colloidal solution, 
the sand reaches its maximum strength at a 3 wt.% content of this 
solution (Fig.2). 
An important factor in the proper choice of binder modifier to 
obtain the required sand strength is the chemical reaction (acid-
base). 
Sodium silicate is an alkaline binder, and therefore the acid-
base properties of the modifier are of primary importance. Among 
the commonly used modifiers, the most alkaline properties shows 
ZnO and at the same time it has the weakest modifying properties 
(Fig.4).  
Considerable strength improvement has been achieved using 
powdered modifiers; some authors [3] relate this fact to reduced 
concentration  of  stresses  which  are  formed  during  binder 
hardening.  
 
 
 
 
 
 
 
3. Conclusions 
 
From the preliminary studies it follows that sand strength can 
be  raised  by  adding  nano-  and  micro-powdered  oxides  to  the 
binder. The values of the obtained strength depend largely on: 
  chemical reaction of the modifying oxide, its amount and 
the technique of adding it to the binder. 
The modifier effect on the increased sand strength is related to the 
factors of: chemical (acid-base reaction), and mechanical nature. 
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